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Magnets and Electric 
Power 


ELECTRICITY in the modern world is at work in the 
service of man and has done perhaps more than any 
other single thing to change our way of living in the 
last 100 years. 

We marvel at the way the engineer builds his 
machines to the designs of the patient and careful 
scientist. "There is nothing miraculous about the work 
of a scientist. The inventions of the electric motor 
and generator were not miracles. They were the result 
of hard work, of the thorough study of what was 
known about magnetism and electricity, and of careful 
experiments each made with a definite object in view. 

A scientist plans his experiments to lead step by step 
from one idea to the next. In this Unit there will be 
examples of the way that carefully planned and simple 
experiments lead to better understanding. As you 
read, think why you perform these experiments, and 
how the results lead you to the next stage. Do not 
read about the second question until you understand 
clearly the answer to the first, and so on right through 
the book. In this way you will be making progress 
surely and steadily, in the same way as a true scientist. 

In this Unit you will learn much about magnets and 
electric currents. Michael Faraday performed many 
experiments to find the relation between magnetism 
and electricity. Scientists have used his discoveries 
to build up the electrical industry of today. 

You will learn also how electricity is generated on a 
large scale, how it is transmitted, and how it is used 
to help us with our lighting, heating, cooking, and 


transport. 
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Problem A: WHAT IS MAGNETISM? 


A tale is told that long ago a shepherd sat down 
on a rock and rested his crook against it. When he 
got up he found to his surprise that the iron crook 
seemed to be stuck to the rock! 
sitting on loadstone, a dark brown 
sesses the peculi 


The shepherd was 


iron ore that pos- 
ar property of attracting iron. More 
than that, if suspended freely it will alw. 


rest in a certain fixed direction, 
the first specimens of loadstone we 
years ago near M 


ays come to 
It is believed that 
re found over 2000 
agnesia, an ancient city in Asia Minor. 
The Chinese, from very early times, used this stone to 
help them on their travels over land and sea. They 
would hang it up so that it could “ lead ” 
hence it got its name “loadstone ", 
Stone". This stone is often called m 
magnetic compass of today does the s 
steel magnet, made by man in various ways, has the 
same property as magnetite, The word magnet, as you 
can guess, is derived from the name of that ancient 
city of Magnesia. 


them and 
: « 1 
le. “leading 
agnetite. The 
ame thing. A 


Ficurn 2. A 
Piece of loadstone. 
Some steel gramo- 
phone needles 
have been at- 
tracted by the 
" loadstone and can 

be seen clustering 
near the ** poles." 


e. 


FiGvnE 3. This steel bar magnet has been suspended in a paper 
stirrup. ‘The letters N and S mark the poles of the magnet. 


When freely suspended both loadstone and a steel 
magnet come to rest pointing north and south. The 
end which points to the north is called the North Pole 
and is often painted red. The other end pointing to 
the south is called the South Pole and is painted 


black. 


Problem A: What is Magnetism ? 


Question |. How can Magnets be Made and Destroyed? 


In the days of Queen Elizabeth I an Englishman, 
Doctor William Gilbert, found that he could make a 
iece of iron “ magnetic” by rubbing it many times 
with loadstone. Nowadays we do not use iron to make 
magnets if we want them to retain their magnetization 
for a long time; we use steel instead. Steel is made 
from iron in such a way that it has in it a small per- 
centage of carbon. It is found that steel retains 
magnetization much longer than iron, especially soft 
jron, though it is more difficult to magnetize. There 
MEP. 9 


are several ways of rubbing stecl with loadstone to 
produce a magnet. When made, one steel magnet 
can be used to make more magnets. Permanent mag- 
nets are made of steel. 


SOME THINGS TO FIND OUT : 

1. Compare the following ways of making m 
and decide for yourself which method mak 
strongest magnet. Place some iron fi 
a piece of paper and dip each m 
the filings. Compare their streng 
many filings remain clinging to 

You will require four similar ste 
pieces of steel clock-spring, 
copper wire, two strong bar magnets, and a 41-volt 
battery or a 2-volt accumulator, 


(a) Single touch method. On a table place one of the 
knitting needles and hold it 


with your fingers, Stroke 
the needle with one of the bar magnets, following the 
arrows shown in Figure 4. Note carefully which pole 
u use and mark the ends 
àn recognize them. 5 


agnets 
es the 
lings in a pile on 
agnet you make into 
ths by observing how 
the magnets. 

el knitting needles or 
Some No. 26 s,w.a. p.c.C. 


of the stroking magnet yo 
of the needle so that you e 


FIGURE 4, Single touch method. 


Ficurr 5. Double touch method. 


(b) Double touch method. Draw two magnets apart, 
along and towards the ends of your second needle, as 
in Figure 5. Again note carefully the positions of the 
poles and the ends of the needle. 

(c) Electro-magnetic method. Make a solenoid by 
winding 100 turns of No. 26 s.w.a. D.C.C. copper wire 
around along pencil. See Figure 6. Insert your third 
needle in the solenoid and switeh on a current from 
the battery or aceumulator. Tap the needle for about 
90 seconds and then switch off the current. Note 
carefully in which direction the current flowed round 
the solenoid. We shall need this information later. 
Do you agree that Figure 24 is correct ? 


Ficure 6. Electro-magnetie method. 


1l 


FIGURE 7, Induction method, 


(d) Induction method. Place two strong bar magnets 
on a table with their opposite poles facing each other, 
as in Figure 7. Leave a Space between them for your 
fourth needle. Put the needle between the two mag- 


nets and tap it gently with a light hammer. Make 
marks on the needle to indi 


the north pole, and which 
pole of the permanent bar magnets. 


Now test the Strength of each of the four needles 
with the iron filings, (See Figure, 2.) Which needle 
retains the biggest clust 


er? Where do the filings cling 
most strongly ? 


Suspend each needle in a paper stirrup 
and mark its north Do these poles 


agree with those ma raphs? Is the 

magnetic pole forme 

in kind to the strok 
By means of dia 


grams record in your notebook the 
results of these fo 


ur experiments, 
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Fiaure 8. Partial 
destruction of the 
magnetization. 


9. Take one of your magnetized steel knitting needles 
and lay it in an East and West direction. Strike it 
sharply several times with a hammer. Now test it 
again for magnetization with iron filings. Has the 
strength of the magnet changed ? 

| 3. Take another of the magnetized needles. Heat it 
to red heat in a Bunsen flame, holding the needle in 
an east and west direction. Allow it to cool and test 
again with iron filings for magnetization. Does the 
heat destroy the magnetization ? 

4? Repeat the experiments to make a magnet using 
long soft iron nails in the place of the needles. How 
well do iron filings cling to each of the iron nails ? 


FravnE 9. Complete 
destruction of the 
magnetization. 


These experiments show 
us that :— 


(1) there are four ways 
of making a magnet; E 

(2) magnetization can be 
completely destroyed 
by heating ; 1 

(3) steel is harder to 
magnetize than soft 
iron, but steel retains 
its magnetization 


i better. 
Ficure 10. Magnets are made in many 
different shapes. Two of the most useful are 
the “ U " or horseshoe-shaped magnet, and 
the straight bar magnet. 


Problem A: What is Magnetism ? 
Question 2. What is a Magnetic Field ? 


For several of the following experiments you will 
want a sensitive magnetic needle that can swivel freely 
on a pivot. Make one or more for yourself from a d 
double-edged razor blade by magnetizing it and mount- | 
ing it as in Figure 11. Mark and colour the poles. 


SOME THINGS TO FIND OUT 


l. Bring up various objects to one of these pivoted 
magnetic needles. Try copper, perspex, bakelite, wood, 
glass, nickel, brass, silver, aluminium, iron and steel. 
Try cobalt too, if you can obtain some. Which of | 
these substances are attracted to the magnet? You 


will not feel the pull on any of these Substances because 


FicvnE 11, 


Making ivote meti 
Taking a pivoted magnetic needle, 


e 
Magnetized razor blade 


Cube of 
soft wood 


Collar stud 


it is so weak, but the needle will turn and thus show 
that there is attraction. 

You will find that the magnet attracts only three 
substances—iron (including steel), nickel, and cobalt. 
Magnetic properties are shown, however, by certain 
alloys of two or more of the metals, iron, nickel, 
cobalt, chromium, aluminium, manganese, and copper. 
Cobalt-steel is well-known because it can be strongly 
magnetized. The aluminium—nickel—cobalt range of 
alloys, based on the work of the Japanese scientist 
Mishima, can be used to make strong magnets that 
will stand a good deal of rough treatment. These are 
the ALNICO magnets used in schools today. 

2. Take a pivoted magnetic needle with its poles 
x and s clearly and correctly marked on it. You 
may use your pivoted razor blade, or you may build a 
larger model using a steel hacksaw blade as shown 
in Figure 12. Bring the north pole of a bar magnet 
towards the needle. Do you notice that the north 
pole of the needle moves away from the north pole of 
the bar magnet held in the hand, -as indicated by the 
arrów in Figure 12? What happens when the south 
pole of the bar magnet is presented to the north pole 


FicunE 12. Experiment to show repulsion between two 
magnetie poles. 


of the pivoted needle? Can we state these results in 
the following way? “ Like poles (either two norths 
or two souths) repel each other; unlike poles (a north 
and a south) attract each other.” 

3. Try this second experiment again with a piece of 
unmagnetized soft iron. Present it to the north pole 
of the needle. They attract each other. Present it to 
the south pole. Again they attract each other. There 
is no repulsion at all in any position. Thus we can say 
that repulsion takes place only between two magnetic 
poles. This property can be used to find out whether 
a piece of iron is magnetized. 


The certain test for magnetization is repulsion. 


MAGNETIC FIELDS 


The space near a magnet in which some magnetic 
influence can be detected is called the magnetic field 
of the magnet. There are several ways of detecting 
such a field. 


We must remember that the field exists 
not only on a flat plane but 


all about in space around 
the poles of the magnet. 


Ficure 13. Magnetic fi 


eld shown by using pivoted magnetie needles. 


Ficure 14. 


SOME THINGS TO FIND OUT 

Map various magnetic fields. 

1. Using pivoted magnetic needles. Lay a bar magnet 
on a sheet of paper. Surround it by many pivoted 
magnetic needles. Join by continuous lines the direc- 
tion in which the needles set themselves. Repeat this 
in several different positions. See Figure 13. 

9. Using iron filings. Lay a sheet of stiff white 
paper on top of a bar magnet and a piece of soft iron. 
Sprinkle iron filings on the paper. Tap the paper 
gently and the filings will set themselves in a pattern. 


Sce Figures 14 and 15. 


Figure 15. 
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Try the following magnetic fields 
sketches in your notebook, 
the most suitable w 


(a) 
(b) 


Ficure 16, 


and record them by 
You must decide which is 


ay of plotting each one, Use : 
a horizontal long bar magnet, 


two bar magnets side by side, 
opposite directions, 

two bar magnets side by side, w 
the same direction, 

a horseshoe magnet, 

a bar magnet near 


with like poles in 


ith like poles in 


a piece of soft iron (Figure 14), 
a bar magnet near a soft iron ring (Figure 15), 


an electric current flowing in a straight conductor 
(Figure 16 shows how to look for this field), 
an electric current flowing through a solenoid 
(Figure 17 shows how to look for this field). 


FIGURE 17, 


i id 
SS 


Now see if you agree with the following observa- 
tions. 

1. The iron filings and the pivoted magnetic needles 
show lines or directions through the magnetic field from 
one pole to the other. They indicate the direction a 
“ free” north pole tends to move. (These lines are 
called magnetic lines of force.) 

2. The magnetic lines of force outside the solenoid 
continue also inside the solenoid to form a complete 
magnetic circuit. 

3. No two magnetic lines of force cross each other. 

4. Soft iron forms an easy path for these magnetic 
lines of force. When the iron is in the form of a ring, 
the inside is shielded from magnetic forces. 

We must therefore conclude that we can use the idea 
of a magnetic circuit. Every magnetic line of force 
starting from a magnetic north pole must trace a 
path to a magnetic south pole and then continue inside 
the iron or solenoid to complete the circuit. 

Magnets are stored by placing pieces of soft iron, 
called keeper's, across their ends close to the poles. In 
this way the magnetic circuit is preserved. 

FIGURE 19. Pairofbar mag- 
nets with keepers. Notice 


18. Horseshoe magnet 
how the poles are placed. 


FIGURE ; 
with keeper. 
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(A) 3 


(8) 


©. 


Ficure 25. Some moving-coil 
instruments, 
Courtesy Ferranti, Ltd, 


(D) 


Moving-coil instruments. Tt is 
possible to wind with very fine 
wire a small coil. Suspended 
between the poles of a heavy 
powerful magnet, it forms a 
sensitive current-detector. This 
is known as a moving-coil 
instrument. These moving-coil 
current-detectors are delicate 
but accurate and reliable. Some 
measure tiny currents of the 
order of one millionth part of 
an ampere. We often call these 
instruments galvanometers. 

A great variety of moving- 
coil instruments are designed 
to measure different currents. 
Figure 25 shows the dials of 
Some of these meters, 

If you were to look inside 
the meters shown in Figure 25 
you would probably be sàr- 
prised. All of them have the 
same sensitive current-detectors 
as shown in Figure 26, The two 
terminals on the back of each 
meter are connected to wires. 
These wires Convey the current 
to and from the coil. The coil 
is mounted on an axle so that 
it is free to turn between the 
shaped pole-pieces of the mag- 
net. If the coi] were allowed 
to turn completely freely, then 
even à small. current would 

24 


= 


Shaped Coil § 
pole-pieces axle à 


| Courtesy Ferranti, Lu. 
On the left is a photograph of the inside of a movin 
howing all the essential parts. On the right is y 
e to show clearly the coil, spring, axle UNS 

f the magnet, and the pointer. ý E penbped 


Ficure 26. 
coil instrument S 
drawing of the same insidi 


pole-pieces o 


twist the coil right round and cause the pointer to 
run off the scale. So a spiral spring is fitted to control 
the movement of the coil and pointer. The larger the 
current flowing in the coil, the stronger is the twisting 
force exerted on the coil, and the further it turns 
against the spring. The circular iron core and the 
shaped iron pole-pieces of the magnet leave only a 
small air-gap in the magnetic circuit. Thus a strong 
magnetic field is provided for the coil in this narrow 
air-gap- 

How is it possible to use this sensitive current- 
detector as the basic moving part of all the instruments 
shown in Figure 25? The method is to by-pass much 
of the current so that only a small fraction of it passes 
al coil of the current-detector where it 
by noting the reading of the needle, 
The meter scale is marked so that it indicates the value 
of the current flowing through the whole instrument, 
That fraction flowing through the current-detector coil 
is therefore used as a true sample to determine the 
value of the much larger current passing through the 


whole instrument. 
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through the actu 
is “ measured ” 
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i 
Courtesy of the Royal Institution of Great Britain 
Ficurr 23. Soft iron ring wound 
with two solenoids, made and used by 
Michael Faraday himself for his experi- 
ments on electro-magnetic induction. 


is, he wanted to know if 
magnetism could produce 
electricity. So he carefully 
planned and tried many 
experiments. He set out 
to discover if an electric 
current flowing in one con- 
ductor could give rise to an 
electric current in an en- 
tirely different conductor 
nearby. After much hard 
work and many failures he 


eventually wound two separ- 
ate solenoids on a stout soft 
iron ring. On connecting one solenoid to a battery, he 
noticed that a current flowed in the other solenoid for 
a moment only; on breaking the battery circuit he 
a t a current flowed‘in the other sole- 
noid. This was the result Faraday was lookin 
andit wasa discovery of great importance in the history 
of scientific progress. The date was 1831, 


apparatus he used is shown in Figure 23 ; 
be seen in the Ro 


yal Instituticn, London. 
This success led Faraday to change the details of 
these experiments, He found t} 


l dues hat a current was 
ei ur Eee ceed a cal solenoid when he 
hru 2 
nac Uer me d, and also when he 
pulled it out again, 


Faraday had answered this important question : ‘ If 
electricity can produce magnetism, cannot magnetism 
© 


produce electricity ? ” This discovery led directly to 
the design of the electric generator a 


have together complete] 


g for— 


The actual 
it can still 


long cylindri 
the solenoi 


Problem B: What is Electro-magnetism ? 


Question I. How do you make Instruments to Measure 
Electric Current ? 


Several of our experiments have shown the magnetic 
effect of an electric current. An electric current flow- 
ing in a wire produces a magnetic field which creates 
forces on the poles of a magnetic needle. These forces, 
acting in opposite directions, twist the needle. When 
we made a strong magnetic field, as in Figure 17, we 
were adding together the magnetic effects of the electric 
current in many lengths of wire wound into a solenoid. 

Imagine yourself looking at one end of a solenoid 
through which a current is passing. There is a north 
pole at the end where the current is seen to flow in an 
anti-clockwise direction. At the other end, where the 
current flows in a clockwise direction, there is a south 
pole. The arrows marked on the ends of the letters 
N and S in Figure 24 help you to remember which way 
the current flows in the solenoid. 


QD (0000000000 X) 


FIGURE 24. 


Moving-iron instruments. We have seen in Unit 8 
how the solenoid can be used in a direction indicator, 
and for measuring electric currents. 

The early telegraph instrument was built around an 
The polarity of the magnet was re- 
g the direction of the electric current. 
ations the solenoid is fixed and the 
These are called moving-iron 


electro-magnet. 

versed by alterin 
In these applic 

iron or magnet moves. 


instruments. 
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So, by using the correct thickness and length of wir 
as a by-pass, called a shunt, this sensitive moving- 
coil current-detector can be made to measure any 
strength of current. This is how an ammeter is con- 
edm The shunt wires in the three instruments 
A, B and C shown in Figure 25 are placed inside the 
cases and cannot be seen. Sometimes the shunt wires 
are mounted: outside. 


Current- 
detector 
coil 


Current to be measured 


VA 
Ammeter 
terminals 


Ficure 27. Wiring diagram of an 
connected in shunt with the coil so t 
by-passes the current-detector coil, 


ammeter. How a resistor R is 
hat much of the main current 
The movement of the pointer on 


the scale shows the ing through the complete instru- 


total current flow 
ment. 


Dial A in Figure 25 shows an ammeter me 
maximum current of 100 amperes. 
has a thick, strong shunt wire, 


Dial B in Figure 25 shows a milli-ammeter reading 
to 50 milli-amperes, M illi- means a thousandth part. 


This ammeter has a thinner shunt wire in parallel with 
the current-detector coil, 


Dial C in Figure 25 shows a micro- 
to 50 micro-amperes, Micro- means a millionth part. 
This ammeter has a fine shunt wire connected in parallel 
with the coil. The coil and pointer are so arranged 
that the current can pass through in either direction 
producing a movement of the pointer to the left or to 
the right. The zero reading is in the centre, 

26 


asurind a 
This instrument 


ammeter reading 


o 0I o, 
Apta 9r 


hn 


| 
SWITCH 


How a current-measuring instrument (ammeter) is 
current flowing round a circuit. Notice that the 
through the ammeter: its shunt is inside its 


Ficure 28. 
used to measure the 
current is made to pass 


casing. 

When you buy a battery the shopkeeper tests it by 
slimeter across its terminals. He is really 
measuring the current the battery manages to push 
| through the instrument. The scale is marked in volts 
| to save him the trouble of working out the pressure by 


| the equation ___PRESSURE 
RESISTANCE" 


putting a vo 


CURRENT 


f the instrument is a resistor, often called a 


Part o 
| bobbin, in series with the coil. (The bobbin may be 
| mounted either inside or 
| ; : Ps Voltmeter 
| outside its instrument terminals 
FIGURE 29. Wiring diagram of 
a voltmeter. How a resistor R Current- 
detector 


| js connected in series with the coil 
| so that the pressure of the battery coil 
| causes & small current to flow 
[| through the coil. The scale is 
| drawn so that the pointer indicates 
| the pressure put aeross the ter- A 


minals of the instrument. 
27 


Switch 


FrcunE 30. How a voltmeter is used to measure the pressure that 
is needed to drive a current through a bulb, Note that the battery 
pushes a small current through the voltmeter at the same time 
pushes a different current round the main circuit containing the switch 
and bulb. The bobbin is inside f the voltmeter, Will 
the reading of the voltmeter chan; switch is closed andthe 
current starts to flow ? 


the casing o. 
ge when the 


case.) "Therefore the circuit he uses consists of battery, 
resistor, and current-measuring instrument, The value 
of the resistance of the bobbin chosen depends on the 
highest pressure the voltmeter is designed to measure. 

Dial D in Figure 25 shows a voltmeter reading as far 
as 100 volts. The coil and resistor of this instrument 
have a total resistance of 10,000 ohms, 

When a pressure of 100 volts is placed across the terminals 
of this voltmeter, the current flowing through both the coil 
and the resistor is calculated as follows : 
Current (in amperes) = Pressure. (in volts) 

Resistance ( 


in ohms) 
` 100 

7. Current (in amperes) = 1l 
Thus this instrument is made to give the maxir 


z mum reading 
on its scale when the current is Toth of an gj 


mpere. 
28 
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Ficure 31. How to wind the coil of wire for your galvanometer. 
g : 


SOME THINGS YOU MAY CARE TO DO 
1. Build for yourself a sensitive galvanometer. 


Moving-magnet galvanometer. Wind 100 turns of 
No. 32 s.w.a. enamelled copper wire round a matoh 
box. (Look at top of page.) 

Remove the match box and through the centre of one 
of the long sides of the wire coil insert a needle. Draw 
the turns together and bind them with adhesive tape 
to form a compact coil of wire. Magnetize a razor 
blade and seal on one side of it a fine dried stalk of 


grass. This stalk of grass acts as a pointer. Mount the 


razor blade by a collar 
stud on the point 
of the needle, and fix 
the whole to a wooden 
base. Nowthe pointer 
can be balanced by 
a blob of sealing wax 
on the other edge of 
the razor blade. 

ung 32. How to 


e coil of wire to 
ing - magnet 


Fic 
mount th 
form the mov 
galvanometer. 
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Turn the base until the pointer can move freely. 
Allow the magnetized razor blade to come to rest lying 
north and south. "Turn the coil of wire until its plane 
lies north and south. Then fix a scale to the base so 
the pointer is in the middle zero position. "Take care 
to keep the instrument away from magnetic fields that 
might disturb its balance. 

You now have a sensitive galvanometer capable of 
detecting small currents passing in either direction 
through the coil of wire. 

2. Convert your galvanometer into an ammeter by 
connecting suitable shunts in parallel. Include your 
ammeter in series in a circuit with an ammeter which 
reads correctly. Mark on the scale of your ammeter 
the positions of the needle for different readin 
current. Your ammeter will now 
current in amperes. 


gs of the 
read correctly the 
A suitable circuit might be a 
motor-cycle accumulator connected to a head-lamp 
bulb. Then convert your galvanometer into a volt- 
meter by connecting suitable bobbing in series. 

3. Bet up the circuit shown in Figure 28. Note the 
reading of the ammeter when it is Steady. Connect 
4 inches of No. 26 s.w.a. eureka wire as a shunt in 
parallel across the terminals of the ammeter, Explain 
why the reading of the ammeter ch 

4. Bet up the circuit shown in Figure 30. Note the 
reading of the voltmeter when it is steady. Connect 
as a shunt in parallel across the terminals of the volt- 
meter various lengths of N 


mee 9. 26 s.w.a. eureka wire. 
nes 7| ^ T H 
xplain why the voltmeter readings change. Now 


disconnect one wire leading to the Voltmeter and insert 
a 100-ohm resistor in this lead. Replace it by a 
1000-ohm resistor in the lead, What difference do you 
readings ? 


anges, 


notice each time in the voltmeter 


Nhy is 
there a difference ? riche 
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Problem B: What is Electro-magnetism ? 


Question 2. Can a Magnet be used to Generate Electricity? 


To answer this question we can perform a number 
of short simple experiments. From these we shall be 
able to rediscover the facts and principles first observed 
about the same time by Faraday in England and Henry 


in America. 


SOME THINGS TO FIND OUT 

1. You will require a strong bar magnet at least 
3 inches long. Wind a solenoid of 150 turns of No. 26 
S.W.G. D.C.C. copper wire on a former which fits easily 
round the magnet. Connect the solenoid to your sensi- 
tive galvanometer which can indicate a current flowing 
in either direction. Carry out the following operations 
and note the maximum flick of the galvanometer 
needle. Figure 33 shows how to hold the solenoid and 
the magnet. Your galvanometer will work just as 
well as the one shown here. 


(a) Hold the magnet at rest 

outside the solenoid. 

(b) Move the magnet iO M aut cta Soler. 
the solenoid. 

(c) Hold the magnet at rest 
inside the solenoid. 

(d) Pull the magnet out of 
the solenoid. 

(e) Push the magnet rapidly 
into the solenoid. 

(f) Jerk the magnet rapidly 
out of the solenoid. 

(g) Reverse the magnet and 
repeat all the above 
operations again. 
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f Ficure 33. How an electrice current 
is generated by moving a magnet in and 


Ficure 34. How a compact coil of 100 turns of wire can 
be wound on a match box. 


2. Connect another piece of wire to the solenoid and 
wind on another 150 turns in the same direction. Now 
repeat everything you did in the 1 
Have you succeeded in gener 
the magnet in and out of the solenoid ? 

3. Wind a small compact coil of 100 turns of No. 32 
S.w.G. enamelled copper wire round 
Remove the match box 


adhesive tape so that it 


ast experiment. 
ating electricity by moving 


a match box. 
and bind the coil of wire with 


can be handled easily. Now 
connect it to your sensi 


tive galvanometer, Fix two 
opposite poles of two st; 


rong permanent 
about an inch apart. (See Figure 35.) 


xperiment, movin 
wire into and out of th 


two poles. (The coil of 


bar magnets 
Repeat the 


Fieurs 35. 
How an deem 
current is gene 2 
ated by moving" 
coil of wire in Ca 
out of a strong 
magnetic field. 


Examine the results of these experiments. Magnetic 
lines of force trace paths between the poles and in the 
space surrounding a magnet. When the magnet is 
some distance away, few of the magnetic lines of force 
pass through the turns of the solenoid. When the 
magnet is in the solenoid most of the lines of force pass 
through the turns of the solenoid. In both cases no 
current flows through the galvanometer. 

A current only flows when the magnet, or magnetic 
field created by the magnet, is moving relative to 
the solenoid, that is, when the number of magnetic 
lines of force passing through the turns of the solenoid 
is changing, either increasing or decreasing. The faster 
this increasing or decreasing takes place, the greater is 
the current. The same principles apply in all the 
experiments. 

We call this an induced current and say that it is 
caused by an induced electro-motive force in the solenoid. 
It does not matter whether the number of magnetic 
lines of force passing through the solenoid is increasing 
or decreasing as long as the number of them is changing. 
It. is the rate at which they are changing that deter- 


mines the strength of the induced electro-motive force. 


An increase causes the induced electro-motive force to 
causes it to be in the 


be in one direction ; a decrease i i 
other direction. That is why we used a galvanometer 


whose needle could move in one direction or the other. 


SOMETHING YOU MAY CARE TO DO 


ailed study of the life and work of 
ved from 1791 to 1867. See 
bout him in the library. 


Make a more det: j 
Michael Faraday, who li 
what you can find out à 


33 


Problem B: What is Electro-magnetism? 
Cuestion 3. How do Electric Generators work? 


We learned in the last question how to produce 
electricity by changing the magnetic field passing 
through the turns of a solenoid. Is it possible to pro- 
duce a continuous supply of electricity by continuously 
changing the magnetic field passing through a solenoid ? 

To investigate this, a coil of wire is mounted on a 
pencil, to serve as an axle on which it can be twisted 
quickly and easily. The two magnets, forming the 
magnetic field, are pulled apart so that the coil can re- 
volve between them without touching either. Figures 
36 to 42 are flash photographs taken to show the same 
coil and needle of the galvanometer 
during one complete turn. The coil was turned very 
evenly while the photographs were taken, : 

In Figure 36 the coil is lying in such a way that as 
many as possible magnetic lines of force pass through 
it. As the coil tur 


ns about this position the number 
of magnetic lines of force passing through it hardly 
changes at all. The galvanomet, 


a l er needle shows that 
no current is flowing, 


at various points 


In Figure 37 the coil has already turned a little 
way round, and its wires are cutting the magnetic lines 


4 


Ficurr 30. 
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of force. A current 
is therefore generated 
and the needle of the 
galvanometer indi- 
cates this current. It 
is in a position be- 
tween Figure 36 and 
Figure 38. 

In Figure 38 the 
coil does not cut any 
magnetic lines of force. 
A slight movement of 
the coil around this 
position causes the 
biggest change in the 
number of magnetic 
lines of force passing 
through it. In fact, 
the magnetie lines of 
force flow through the 
coil in a certain direc- 
tion just before the coil 
reaches this position, 
and flow through it in 
the opposite direction 
just after it passes this 
position. "Thus there 
is a rapid change in 
the number of mag- 
netie lines of force 
flowing in one direc- 
tion. This change 
causes a large current 
to flow through the 
galvanometer. 
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FIGURE 37. 


FIGURE 38. 


Ficure 39. 


FIGURE 40. 


FIGURE 41, 


FIGURE 42, 


In Figure 39 the 
turning coil is again 
cutting fewer mag- 
netic lines of force 
than in the last posi- 
tion. It isin a middle 
position between 
Figure 38 and 
Figure40. The current 
flowing through the 
galvanometer has be- 
come smaller, as you 
can see in the photo- 
graph. 

In Figure 40 the 
coil has revolved still 
further and is now 
lying in a similar 
position to that in 
Figure 36. In this 
Position there is once 
more no change. in 
the number of mag- 
netic lines of force 
Passing through the 
coil. Therefore no 
current flows, 

The next middle 
Position of the coil has 
not been ph otographed. 

In Figure 41 the 
coil has turned on so 
that it lies in a similar 
position to that in 
Figure 38, except that 

36 


it is reversed. There is another very rapid change in the 
number of magnetic lines of force passing through the 
coil as it turns past this position. This time the lines 
change in the opposite direction, so the current flows 
in the opposite direction too. 

The next intermediate position has also not been 
photographed, and in Figure 42 the coil has now made 
one complete turn and is back again in exactly the 
same position as it occupied in Figure 36. Do you 
notice that the wires leading to the galvanometer have 
become twisted ? 

If you follow carefully these flash photographs in the 
order in which they were taken, you will understand 
how a small electric generator works and also how the 
current it produces changes. You will see that as a coil 
of wire turns in a magnetic field an induced electric 
current is generated, and that this current reverses its 
direction twice during every turn or revolution. It is 
an alternating current (A.C-). One complete revolution 
of the coil causes the current to start from zero, rise 
to a maximum in one direction, fall to zero, rise to a 
meximum in the other direction, and fall once more 
to zero. This is called a cycle. The number of cycles 
performed every second by such a current is called its 
frequency. 


All electric generators produce 
a magnetic field, 


inside à coil. 


electricity by the 


spinning of a coil in or by the spinning 


of a magnetic field 


HING YOU MAY CARE TO DO 


Use a coil of wire made like the one in Figure 34, 
" Mv fey s 

two strong magnets, and your own sensitive galvano 
meter to obtain similar results to those shown in the 
€ TF 1 4 

photographs (Figures 36 to 42). You will have to 
keep your galvanometer steady, so it 18 better to use 
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SOMETI 


it in a glass cover to keep it away from currents of 
air. Note the end of the movement of 
meter needle for each position you tr 
the coil through the positions you 


Alternating current generators or alternators. Before 
the small generator described in this question can be 
of real practical use we must find a way of preventing 
the wires from becoming twisted, At the same time 
we must be able to take the induced cur 
from the rapidly turning coil, 
is provided by two slip rings 
ends of the coil are connec 
rings, slip rings, mounted 


the galvano- 
Y. Rapidly jerk 
are investigating. 


rent away 

Such an arrangement 
and brushes, The two 
ted to two circular metal 


close to each other on the 
i E $ ; à 
axle of the coil. The rings are insulated from each 


other and from the axle. Metal op carbon brushes 
take away the electric current to the external circuit. 


- 


[i 


Loop 
of the 
armature 


a 


FIGURE 43, 


Slip rings of an alternator, 
A much stronger Magnetic field can 
the space left inside the coil ig filled 
and if the poles of t 
s Ae magnet: 

only a small air. | agnets are shaped to leave 

U^ ar-gap between them and the revolving 
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be obtained if 
with soft iron, 


Turns of wi 
areal S Armature 


Turns of wire 
of coil 
Ficure 44. A simple alternator. 


coil. The coil and the iron core are together called the 
armature. The magnetic poles which provide the field 
are called field poles; they may be at the ends of a 
permanent magnet or of an electro-magnet. 

Large generators have many pairs of field poles, 


and hundreds of turns of wire are wrapped together 
Large currents cannot be con- 


shes from slip rings, so the 
and the field poles are made 


to form the armature. 
ducted away easily by bru 
armature is kept stationary 
torevolve. Anarmature 
of this type is a stator, 
and the revolving field 
poles a rotor. A small 


Stator 


electric current is rings 
Passed from a direct cur- 
rent dynamo, an exciter, Sy 


ritu slip rings to < 

1e ; i 
electro-magnets that FIGURE 45. Simplified drawing of 
tor. There may be many 


magnetize the field poles — a big genera ; 
more poles than the eight shown here. 


of the rotor. 
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Enormous A.C. generators are b 
satisfy the growing demand for : 
and homes. The energy A 

sed 
ae he as The generator or alternator 
Ki te the mechanical energy of the turbines into 
dA energy. Figure 46 shows clearly the rotor, 
stator, and exciter in one of these large alternators. 


uilt in an attempt to 
lectricity in factories 
» oil, water, and the 
drive the turbines that 


FIGURE 46, 


A 3000-volt AC, Senerator, 


A modern altern 


ator is oft 
8o that it is no 


en enclosed in 
t soe 


a large casing 
asy to see these 


parts, 


l. Examine a rim generator used 9n à bicycle wheel. 
Take it to pieces, T rotor is a ș rong circular per- 
manent magnet As vou Separate the Stor eg Pn 
Stator it is wige to slide 4 keeper 9n to the rotor. 
(The keeper can be an ope air of Pliers.) This will 
agnetic Circuit of the fotor whilst 
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sustain the strong m 


ER RM pea it. The stator has coils of wire, a 
vede ase, and soft iron pole-pieces. Note how ü à 
j ections are made. a 
Bar er together again and connect it to 
Md ere galvanometer. Turn the rotor slowl 
on g try to detect that it delivers A.C. Jerk it 
ius p an the needle of the galvanometer respond 
» urrentalternations ? Replace the galvanomet 
ya small flash-lamp bulb. Does the bulb flicker 2 
ine spin the pulley wheel? Make a sketch of this 
ype of alternator. jy 
2. Study carefully the photographs in Figure 
of the essential parts of an alternator mount din rad 
p de ioun ed in the 
ok ycle wheel. ake a detailed sketch of 
pie in your notebook. Do not take the alternator 
o pieces, because you would have difficulty in keepi 
small filings of iron from the powerful multipole mig 
net, and also because this magnet loses its strength 
if separated from the central core which acts et a 
keeper.” In this type of alternator the stator Han 
sists of the iron core and coils of wire. The rotor is 
the field magnet. How many poles are there ? How 
many times in every revolution of the cycle wheel does 
cach magnet pole come close to a shaped end of the 
central iron core? Lift a cycle wheel which has a 
Dyno-hub fitted, turn it gently with one finger, and so 
verify that you are correct. Look for the terminals 
connected to the coils of the stator- 


Dyno-hub. The two terminals 
tor are on the other side and eee 
not 


aleigh cycle 
s of the sta 
hotograph. 


Fieure 47. R 
nected to the coil: 
be seen in this p! 


41 


Direct current generators or dynamos. The alternator 
which we have studied ted modified to produce 

ir "T D.C.) electricity. 
x P db A.C. cannot be used and D.C. 
is essential. For instance, it is possible to use D.C. 
electricity to charge a motor-car battery, and then the 
battery can provide D.C. electricity to operate all the 
electrical equipment of the car. It is not possible to 
do this with A.C. Many electric locomotives require 
D.C. as this can be simply and easily controlled. A.C. 
electric locomotives are now constructed but their 
speed regulation is complicated, 


Exactly the same armature and magnetic field are 
used in the dynamo (D.C.) as in the alternator (A.C.). 
The difference lies in the method of leading the current 
out to the external circuit, The current surges back 
and forth in the armature coil. Thus by switching over 
the connections from the spin 


ning coil just when the 
current flow is at a minimum the el 


ectricity is made to 
pass always in the same direction. For this switching 
a split metal cylinder is used which is insulated from 


Armature wire —__ 


FIGURE 48, 


A two-segment co; 


mmutator 
dynamos (an 


d motors), 
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for direct current 


and turns with the armature axle. Brushes are set 
against opposite segments of this cylinder. The whole 
arrangement is called a split ring commutator. In this 
way each brush has electricity flowing through it in 
one direction only. 

Some dynamos have 4 or 8 or even 16 different 
coils of wire wound on the armature and connected to 
8 or 16 or 32 segments of the commutator; in these 
cases the total current delivered is nearly steady with 
little “ ripple? at all. The field magnets on these 
dynamos are usually excited by means of some of the 
current supplied by the armature itself. 


Courtesy J. Tucas & Co., Ltd. 
Fieurr 49. A motor-car dynamo. A section of the osing E been 
pee s s sed in its construction. 
cut away to show some of the parts used in its construc 


SOMETHING YOU MAY CARE TO DO $3 

Examine a motor-car dynamo. Take off sme D 
y f 

to expose the commutator. How many sog an 

there? How many brushes can you see? a 

] see the springs hold- 


are the brushes made ? Can you 
à: he segments ? Why must 


ing the brushes against tl » musi 
you replace the dust cover carefully after inspection ? 
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Problem B: What is Electro-magnetism ? 


Question 4. How do Electric Motors work? 


The general construction and parts of an electric 
motor are almost identical with those of a generator. 
In fact, direct current dynamos and motors are often 
interchangeable. 'These machines act 
when mechanical energy is converted i 
energy, as motors when electrical ener 
into mechanical energy. "These dyna-motors, as they 
are sometimes called, are most convenient because of 
the double róle they play. Installed on electric trains, 
trolleys or trams they act as motors when climbing 
uphill, drawing electricity from the conductor rail. 
When descending they act as dynamos, returning elec- 
tricity to the rail and at the same time br. 


as dynamos 
nto electrical 
£y is reconverted 


aking the 
motion. 
Mot Conductor 
otor r 
effect Dynamo 


Ficure 50. Does the electric train 


* train going downhill help the other train 
climbing uphill ? 


The driver is able to contro 
train by altering the resistor 
circuit. You can often hear 
from one resistor to the next a 
In the same way he can contr 
they act as dynamos b 
tors in the circuit. 


1 the speed of the electric 
3 connected in the motor 
a click When he changes 


8 the train gathers speed. 
ol the brakiy 
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Direct current electric motors. An electric motor is 
built in the same way as a dynamo. In order to con- 
tinue turning the motor must have certain essentials. 


(1) The armature must be free to rotate easily. 
(2) There must be a strong magnetic field. 


(3) The direction in which the current flows round 
the coil from the main supply must be reversed 
as soon as the ** no twist " or “ dead” position 
is reached. The motor's “no twist” position 
is the same as the generator's “no current” 
position. See Figures 36, 40, and 42. 


(4) The armature must be heavy enough to over- 
shoot the “no twist" position once it is 


rotating. 


These conditions are provided for as follows : 


(1) The armature is mounted on an axle running on 


smooth bearings. 

field is created between shaped 
The armature is made of soft 
iron and of such a size that it leaves the 
smallest possible air gap. See Figure 44. An 
electro-magnet can be made stronger than a 
permanent magnet and is often used to create 
the magnetic field. Some of the D.C. supply 
can be used for this electro-magnet. 

itator is used as in the D.C. 
See Figure 48. 


. (2) The magnetic 
pole-pieces. 


(3) A split ring commt 


generator or dynamo. 
ade of soft iron so that it has 


4) The armature is m 
p e it to overshoot the 


enough weight to enabl 
“no twist" position. 
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Examine Figure 51 carefully. You will notice that 
at position (a) the current passing through the coil 


Ficure 51. 
one turn of wire on the armature 
of a direct current electric motor, 
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The movement of 


from the positive ter- 
minal creates a mag- 
netic north pole on the 
face pointing upwards, 
and a magnetic south 
pole on the face point- 
ingdown. (See Figure 
24.) The attraction 
and repulsion of these 
two poles on the poles 
of the field magnet 
will cause the coil to 
turn round on its axle. 

When position (c) 
is reached the unlike 
poles cannot move any 
nearer to each other. 
Thus they have arrived 
at the * no twist? or 
“dead” position, At 
this precise moment 
the commutator 
changes the direction 
of the current and then 
the whole process is 
repeated. In practice 
many turns of wire are 
used for each coil and 
on the bigger motors 
there are many such 
coils and there are 


many segments on the 
commutator, 


Ficure 52. 
pump. Can you see t 
rheostat? By varying 
can be controlled. 


Alternating current electric motors. The D.C. electric 
motor works as it does because of the attraction and 
repulsion between the magnetic fields of the armature 
and the field magnet. Tf a D.C. motor constructed with 
electro-magnets (not permanent magnets) is supplied 
with A.C., the two magnetic fields will continue to 


attract and repel each other as if D.C. were being 


supplied. The only difference is that, with a frequency 


of 50 cycles a second, there are two north poles repelling 
each other for one hundredth of à second, and then 
two south poles repelling ‘each other for the next 
hundredth of a second. These motors can be called 
A.C./D.C. motors for they will work with either A.C. 
or D.C. They are very useful for small power outputs, 
such as for vacuum cleaners, fans, and shavers. The 
larger A.C. motors are not made in this way because 


they work on an entirely different principle. co 
ill act as an A.C. motor if in 


An A.C. generator W 
at the right speed to be 


some way the rotor is spun 2! 
* in tune ” with the A.C. supplied. Thus such a motor 
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Courtesy Electrical Development Association 
An electric motor in use on a farm to drive a water 
he starting handle which moves the slider of a 
the resistance of the rheostat the motor current 


N 
Rotor 


FIGURE 53. The rotor and stator of th 
of an electric clock. 


e synchronous motor 


can only revolve at one constant speed and this speed 
is determined by the frequency of the A.C. supply. 
This means that the rotor must always arrive in the 
right position to react correctly with the appropriate 
poles created by the alternations of the A.C. This is 
called a synchronous motor, Tf the frequency of the 
A.C. supply is kept constant these motors can be used 
through a system of gears to drive the hands of a clock. 


commercial life. Machines fo d sewing 

and washing, fans, cleaners, hair dri 

and refrigerators use a vari 

different powers and types. 
The starter of 


a robust switch, When 
heavy current flows for a short time, 

small gear wheel into the Cogs on the ri 
flywheel. The jerk which this gives 

spins it round to start the car, 
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m of the engine 
to the flywheel 


urtesy British Railways (Eastern Region) 
FiGunE 54. Manchester and Sheffield electric railway, 
showing overhead conductors. 


Some electric locomotives, trolleys, and trams use 
large D.C. motors for their driving power. The current 
is supplied through overhead conductors, or through a 
* third ? conductor rail by the side of one running rail. 
The electrical circuit is completed by using the running 
rails as the “return” wire. The motors are geared 
to the driving axles. The driver slowly and steadily 
allows more and more current to pass as the motors 


gather speed. 


c railway, showing conductor rail. 
ide of the track to the other. 
Tailuays (Southern Region) 


Ficurr 55. Southern electri 
Notice how it change: 


s from one 8 
Courtesy British 


Peli E 
(PA 


T 


* lit 


2i 


SOMETHING YOU MAY CARE TO DO 


To make a simple two-pole electric motor. (See Figure 
96.) Cut 8 strips of tin-plate 1” wide and 5 long. 
Bind 4 of these together and bend them over a wooden 
block 3" wide. Then solder the bent portions to form 
a solid armature. File the ends smooth and flat. 
Drill a $” hole through its centre and solder this to 
Meccano axle (Figure 564). 

Wind 100 turns of No. 32 S. W.G. enamelled copper 


wire on each half to form the coil of the armature. 
Bare the ends of the wire (562). 
Take two circular corks about i" 


them three holes. The centre hole is for the axle 
and the other two are for the bare wires (560). 
Mount and stick these to tl 
segments of the commutator (56D). 
Prepare the field magnet ir 
and leave 6” of free w 


a 


thick and make in 


1 exactly the same way 


ire at both ends, Fix the 
field magnet to a Wooden base, with a piece of tin- 


plate below the hole to act as a bearing (56m). | 

Build a support of Meccano Strips for the 
of the axle. Screw this to the b 
axle in position so that the 
Judge the axle length c 
near one another (56r) 

Mount 


top bearing 
ase board with the 
armature turns freely. 
orrectly so that the poles move 
f the Meccano upright strips. 


cork with a penknife and insert 
two long Copper wires that will act as brushes for the 


segments of the commutator (56a). 
Connect in series the armature, the field magnet, a 
switch, a rheostat, anda battery (561r). 
Spin the armature to sti 
copper brushes to ** make » and ** 
current at the right moments, 
moments? Will it drive 


art the motor and adjust the 


break ” the electric 


When are the right 
a small light fan 9 
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Wire bare at ends 


an, 
A Ea’. e 


Axle 


Armature ® 


Segment 


BD Rarmegoe | 
stg P^ y 

CRY ale 
——— Mr 


Terminal Base & 


VA agnet | 3 
Czy 
CY) 


Copper 
wire 
brushes 


@ Battery 


FIGURE 56. 


Wire the armature and the field magnet in parallel. 


^? 
Does this alter the power of the els t 'e through 
Reverse the connections to the armature throug 


the tiro brushes. How do you account for the change 


‘on? 
a vx de rotation ? 
which you notice in the rota 4 

How can an “ intermediate " switch be connected to 


o 1 ER 
reverse the direction of rotation of the motor ? 
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Problem C: WHAT IS ELECTRO-MAGNETIC 
INDUCTION ? 


It is reasonable to ask why A.C. is supplied to homes 
and factories when D.C. is more suitable for many 
purposes. D.C. is the ideal current for radios, motor- 
cars, and electric traction. A.C., unlike D.C., cannot 
be used to charge an accumulator, A.C. cannot be 
used for electro-plating. In fact, the mains A.C. has 
to be changed to D.C. for use in radios and for some 
electric railways. 

The answer is that the pressure of A.C. can be changed 
easily from one value to another, The device which 
does this transformation is call 


ed a transformer, and it 
uses the principle of electro-magnetic induction. 


and to be able to change it Wherever we need it into a 
large current at a low pressure, 

High pressures of 132 
overhead transmission lin 


es of the * (3 » 
Britain. © “ Grid 


of this “ Grid » Consumers of the electricity 
use appliances requiring à 


ie between 2 volts and 500 


system 
supply at pressures that ] 
volts, 
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000 volts are used on the 


Problem C: What is Electro-magnetic Induction ? 
Question |. How does an Induction Coil work ? 

The experiments described in Problem B, Question 2, 
show that the value of an induced electro-motive 
force (E.M.F.), produced in a solenoid by the movement 
of a permanent magnet, depends upon: 

(a) the strength of the magnet, 

(b) the number of turns of wire in the solenoid, 

(c) the speed with which the magnet is inserted into 

the solenoid. 

This can be summarized by saying that the induced 
E.M.F. depends on the rate of change of the magnetic 
lines of force passing through the solenoid. 

We learnt also that the direction of the induced 
E.M.F. depends on two things : 


(a) the kind of pole (N or S) that is moved relative 
to the turns of the solenoid and along its axis, 


(b) whether the pole is moved into 
withdrawn from the solenoid. 

A North pole inserted in à solenoid gives an induced 
current in the same direction as à South pole withdrawn 


from the same solenoid. 
An E.M.F. will be induced in the solenoid even if it 
is not connected to a complete circuit. If the solenoid 
is connected by conductors to form a circuit then a 
current will flow. 
The induction coil. 


the solenoid or 


This is a device which produces 
a high induced E.M.F. Just the same principles of 
induction will apply to produce a high induced E.M.F. 
however the magnetic field is created in the solenoid. 
For instance, instead of inserting a magnet into the 
solenoid, it is possible to place an electro-magnet 
inside the solenoid and then to switch the current 


Electro-magnet Solenoid 


Common 
soft iron 
core 


Battery 


Galvanometer 
FIGURE 57. The principle of the induction coil. 


on and off. This gives the s 

withdrawing the magnet. 
The induction coil uses this me 

considerable E.M.F. because 


ame effect as inserting and 


thod and produces a 


(a) the electro-magnet can be m 
than a permanent magnet, 
(b) the current can be sw: 


ade much stronger 


escape. It is eve 
outside and 

ARE On agnet. 
ction coil are shown in 


ler electro-magnet is called 
it is usually composed 
of thick insulated copper wire, 


the secondary coil, a large solenoj 

turns of thin insulated copper wir 

pressure terminals, As in the el 
5. 


ectrie bell a “ make ” 
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Soft iron core Spark gap 


o .e-— 


Soft iron armature 
j Secondary coil 
Steel spring < 


Contact 
(make and break), 


Adjusting | 


Ficure 58. The essential parts of an induction coil. 


and “ break ” is inserted in the primary circuit. This 


automatically operates many times every second. 


When the circuit is closed at “ make" the current 
grows in the primary coil, inducing an E.M.F. in one 
ij. This growth of cur- 


direction in the secondary co 

rent takes a small but definite time. At“ break ” the 
current ceases to flow very rapidly, much more rapidly 
in fact than it grows at * make." One reason for this 


An induction coil, 
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Ficure 59. 


is that a condenser is inserted (see Figure 58) and used 
in such a way that sparking is minimized, thus allow- 
ing the current to cease abruptly. In this way the 
induced E.M.F. at “ break " is very much greater than 
it is at “ make." The whole cycle of “ make,” ** on,” 
“ break,” and “ off” takes place quickly—perhaps fifty 
times a second. 

Induction coils have many applications. They are 
used to supply the spark for the engines of motor-cars, 
to produce X-rays, and to assist in modern atomic 
research and in medicine. 


Let us now consider two of the practical uses of the 
induction coil. 

Car ignition system. Advantage is taken of the large 
E.M.F. at “ break " to produce a spark just at the 
right moment to fire the explosive mixture in the 
cylinder. A spark requires only a very small current. 
The precise moment of firing is determined by a cam, 
connected directly to main axle of the engine. The 
cam opens a contact which breaks the primary cireuit. 
As the engine turns, each sparkin 


g plug in turn, one 
after the other, is connected to t] 


1e secondary coil of 


Primary coil Secondar 


Contact 
breaker 


Rotating 
pointer 
(rotor) 


Metal frame of car wp 
Spark plugs 


Ficure 600. How an induction coil is 
system of a motor-ca: 
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used in the ignition 
r. 


an induction coil. The rotating metal pointer of the 
distributor chooses the lead to the correct sparking 
plug. 


Rotating pointer 


Contact breaker pivot 


Condenser 


Cam. 


Low tension. 
terminal 


Contact breaker 
spring 


Distributor head 
spring clips 
er and distributor with head 


Ficure 61. Motor-car contact break 
he top of the cam and comes 


removed. The rotating pointer fits on t 
opposite terminals in the distributor head. 


Examine the ignition system ofacar. Take off the 
distributor head. Turn the engine slowly by hand. 
Watch the contacts “ making " and “ breaking." Stop 
precisely when a “ break ” occurs. Does this happen 
when the rotating metal pointer faces a contact to & 
lead ? What is the order of firing the plugs? Can 
you sce how the condenser is connected ? How are 
the contact points adjusted and how far apart should 
they be at “ break” ? Take out the particular spark- 
ing plug which should fire at this position of the dis- 
tributor. With care insert the blunt end of a pencil 
in the hole in the cylinder head. Can you feel the 
top of the piston ? Why must you take care not to 


drop anything in the hole ? 
57 


Secondary 


Primary, terminal 


Vies ) (high tension) 
(low tension 


Courtesy J. Lucas & Co., LM. 


Ficure 62, ignition coil, 


Cut section of car 

Find the ignition coil. Look for the two terminals 
of its primary coil. Notice where the wires connected 
to these terminals lead, Compare this with the wiring 
diagram of Figure 60. Trace the secondary coil wire 
to the distributor and from there to the plugs. Un- 


Screw the insulated cap holding this wire to the ignition 
coil. Examine the wir 


€ and its insulation, Why is 
there a thick co 


ating of rubber ? Why have the 
primary coil wires no such thick insulation ? 


Electric cattle fence. We have Seen how an induction 
coil can supply a sudden and very large E.M.F. in the 
secondary circuit of a car ignition System. This same 
idea of a sudden and large E.M.F. is used to electrify a 
cattle fence in order to keep the cattle Within bounds. 
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Primary Secondary Soft iron 


spring 1 t 
coil coil core 
Soft iron, = 
armature | 


Insulator 


B DEA 
Flywheel 5 > E fede 


spark-gap 
switch 


b 

Flywheel * Test E 

coil spring spark-gap 4 
Earth = 


How an induction coil is used to provide the high 
tension on an electric cattle fence. 


FIGURE 63. 
You will be able to follow the wiring diagram of the cir- 
cuits by examining Figure 63. Compare this with the 
car ignition system diagram. Where the car employs 
a revolving cam to provide the “ make ? and “ break ” 
device, the cattle fence simply uses a spring-loaded 
flywheel. Every time the spring of the flywheel un- 
coils—the two contacts are pressed together, the pri- 
mary circuit is completed, the iron core is magnetized, 
the armature is attracted, the flywheel is spun round, 
wound up again, the primary 
circuit is broken, and a strong impulse of E.M.F. is 
produced in the secondary circuit. As soon as the 
flywheel completes its spin and comes back again, the 
Whole cycle of operations is repeated. This continues 
as long as the switch in the primary circuit is closed. 

The high tension (H.T.) impulse, as it is called, is led 
to a long wire fence mounted on insulators around the 
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the flywheel spring is 


FIGURE 64. An electric cattle fence s 
wire, the spike into the ground (earth c 
the induction coil box. 


howing the insulated fence 
onnection), the battery, and 


field. The return * wire? is ¢ 
is only completed if some animal standing on the earth 
touches the wire fence. The H.T. impulse does not 


kill the animal but gives it a shock so that it learns to 
keep away from the fence in future. 


he earth and the circuit 


SOMETHING YOU MAY CARE To po 

Make an electric cattle fence, 
Several of you working together, Plan carefully how 
you can build this apparatus, assemble all the com- 


ponents, then start with a strong wooden base to which 
everything can be firmly secured. 


You will want an induction coil w 
core that attracts an armature on 
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This can be done by 


hich has a soft iron 
a spring. Mount a 


large heavy flywheel on an axle and bearing. Attach 
projections to the armature of the induction coil and 
to the circumference of the flywheel. Fasten contact 
points of a car ignition system to these projections, so 
that they touch one another as the flywheel spins back 
and forth. Instead of the coiled spring shown in 
Figure 63, the weight of the projection on the flywheel 
can be used to return it to the “make” position. 
You will have to put a screw to act as a “stop” to 
prevent the flywheel rotating too far. You may want 
a second stop to prevent the armature being knocked. 
too far back at “ make.” You will see by examining 
Figure 63 how to connect up the condenser, the test 
spark-gap and its switch. The photograph in Figure 
65 shows how to assemble these components. 


dnd Test 
earing \ are gap 
X Ea "P Switch 


Test 
spark-gap 


NS 
ulator 
Muppy terminals 


Armature 
projection 


Induction’ 
coil core 


Armature 

t an electric cattle fence. Two sides 
Note the test spark- 

Electricity is supplied 

right. 


Ficure 65. How to construe 
and the top are still needed to finish the case. 
gap and the positions of the contact points. 
from an accumulator to the terminals on the 


Problem C: What is Electro-magnetic Induction ? 


Question 2. How is a Transformer Built? 


Faraday's famous experiment with the two solenoids 
wound on a soft iron ring (see Figure 23) was the first 
demonstration of electro-magnetic induction. He had 
built a transformer although he did not give it this 
name. 

The primary and secondary coils on the soft iron 
core of an induction coil can be regarded as a trans- 
former. The only real difference between the induction 
coil and the transformer is that the * make" and 
“break”? mechanism is omitted in the transfor 
Instead of supplying a current which st 
in the primary coil, an alternatin 
falls, and reverses—is used. 


mer. 
arts and stops 
8 current —which rises, 


Ficure 66. A small transformer for use inar 
and | stampings for the core have been se 
primary and secondary coils are 

arm of the E stamping. 


"adio. Note the E 
parated and laid aside, The 


r and fit on the middle 


wound togethe 


Secondar 


coils Y 


——— 


A transformer, then, converts alternating current 
electricity from one pressure to another. It consists 
of a core made of soft iron stampings. Various pat- 
terns are used, a U and T shape, and an E and | shape 
being common. These stampings are put together 
first one way and then the other around and through 
the primary and secondary coils. The secondary coil 
is wound on, and carefully insulated from, the primary 
coil. 

The change in pressure depends on the relative num- 
ber of turns of wire in the two coils. The ratio of the 
pressure supplied in the primary coil to the pressure 
induced in the secondary coil is, apart from small 
losses, the same as the ratio of the number of turns of 
wire in their respective coils. This can be written in 
an equation : 


Pressure in primary coil _ 


Pressure in secondary coil à; 
Number of turns in primary coil 


Number of turns in secondary coil 


"Therefore it follows that if the secondary coil has more 


fns than dim primary coil, the transformer id pee 
a “ step-up” transformer, because the pressure tror 
the secondary coil is raised. 3 
less turns than the primary aoil, 
transformer., 


Tf the secondary coil has 
it is a “ step-down ” 


FicvnE 67. A 
mains supply trans- 
former with several 
Separate secondary 
coils, This is both a 
“step-up” and “‘step- 
down" transformer 
producing a large ! 
number of different 
pressures for a radio. 
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Modern transformers are so well-made that there is 
(a) little loss of the alternating magnetic field outside 
the primary and secondary coils, (b) little difficulty in 
alternating rapidly the direction of flow of magnetic 
lines of force in the iron of the core. Thus there is 
hardly any loss of energy in a transformer. Electrical 
energy going into the primary coil is given out again 
in the secondary coil. If we assume no loss of energy 


at all, then the energy supplied equals the energy 
delivered. This can be written: 


Energy input = Energy output 


If we remember that Energy = Power x Time, then 
this equation can be rewritten as: 


Power input = Power output 


or Pressure x Current — Pressure x Current 
in primary coil 


in secondary coil 


Ficurr 08. A 
large modern 
three-phase trans- 
former. The 
energy lost in the 
transformer is 
dissipated as heat 
in the large radi- 
ators at the side. 
Oil circulates 
through the trans: 
formers and radi- 
ators. Surplus oil 
is stored in the 
cylindrical con- 
tainer. 

Courtesy Ferranti, Ltd. 
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Figure 69. 
transformer, 
SOMETHING YOU MAY CARE TO DO 

Build a “ step-down ” transformer for use on the 
mains supply of alternating current. 

Cut out 60 sheets of soft iron to form U shape and 
| shape “stampings” as in Figure 69. These are 
easier to cut than the E and | shape stampings shown 
in Figure 66. Old tin cans will do well for this purpose. 
Flatten each one, bolt them together to form the core. 
File the edges flat. 

Make cardboard formers to fit over the two arms of 
the U core as in Figure 70. Wind 1680 turns of No. 26 


FicunE 70. How to wind the coi 


a 


How to build the soft iron core of a 


ls of a transformer, 


S.W.G. D.C.C. copper wire on one “former.” This is 
the primary coil and has 7 turns per volt when used on a - 
240-volt A.C. mains supply. 

On the other former wind 98 turns of 


No. 16 s.w.a. 
D.C.C. copper wire. 


This is the Secondary coil. After 


apping to one terminal, and after 
a further 28 turns take off another tapping to a second 


terminal. The two ends are connected to terminals. 

Assuming that the U and | fit together neatly to 
form a coniplete core, there will be in the secondary 
coil, apart from small losses, 1 volt for every 7 turns. 


This secondary coil wil] therefore give 6 different A.C. 
pressures as shown in Figure 71, 


Se hy — 
E a et 
FIGURE 71. How six different 


d pressures 
a single sec 


can be obtained from 


ondary coil, 
Build a wooden clamp to hold the core together and 
mount the coils as shown in Figure 72. You have then 
built a mains Supply ** s ep-down 


" transformer which 


FIGURE 72, How to assemble the 
M and the coils of a transformer. 
;,9 clamp should be screwed down 
firmly, 
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Problem C: What is Electro-magnetic Induction ? 


Question 3. What are the Uses of a Transformer ? 


In many places electricity is supplied to homes and 
) factories at 240 volts A.C. This pressure can be used 
satisfactorily for many appliances—lamps, fires, cook- 
ers, and motors. However, for some other pieces of 
| equipment it is necessary to have lower pressures. 
For instance, most electric bells for use in houses require 
3, 5, or 8 volts. This has been chosen because the 
circuit wires can have thinner, and therefore cheaper, 
| insulation, and also because the pressure is not danger- 
ous if a wet hand should accidentally touch a faulty 
bell push outside a door. We learnt in the last Ques- 
| tion how to construct a “ step-down” transformer 
| which could be used in a house bell-circuit. 
Some small power electric motors in sewing machines 
and shavers also need “ step-down ” transformers. 
A radio set needs pressures suitable for many pur- 
poses—to supply the filaments of its valves, to light 
the pilot lamps, and to provide the high tension supply 
for the valves. Hence a multi-purpose transformer, 
often combining “ step-up ” and “ step-down ” second- 
ary coils, is constructed. Look at Figure 67. 
| In some makes of cinema 
projector a “step down” 
transformer is built into 
the base to supply a large 
current at a low pressure 
for the filament of the lamp. 
This is because a thick 
filament burning at a low 

] pressure is more stable and 
Stronger than the finer 
longer filaments necessary 
in lamps using 240 volts. 
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FIGURE 73. A bell transformer. 


Franz 74, 
five 


Ficung 75 
turns of thick copper rod, B d pues 


SOME THINGS YOU MAY CARE TO DO 
l. Construct another primary coil of 750 turns of 
No. 20 s.w.e. p.c.c. copper wire. 
has fewer turns of wire than the first primary coil you 
built (see Figure 70): it will therefore carry a larger 
current. It will, however, get hot after a short time 


o 
à few seconds at a 


This primary coil 


and thus it must only be used for 
time. 

2. Construct a secondary coil by winding five turns 
of thick copper rod of No. 6 8. W.G. round another card- 
board “ former" Screw on to the ends of this rod 
two large terminals. (See Figure 74.) 

3. Cut out a ring from some thi 
beat this into a shallow circul 
wooden handle to the trough. 

4. Build a transformer of thi 
turns, the five-turn secondary coil, and the soft iron 
core. Tighten two thick iron nails to the terminals 
of the secondary coil so that their points just overlap 
and touch each other, Switch on the 240-volt A.C. to 
the primary coil. You will notice that so much heat 
is generated at the points of the nails that they become 
red hot and even melt. If you switch off at the right 


moment the two nails will be welded together. This is 
the process of electric welding, 


ck copper sheet and 
ar trough. Attach a 
(See Figure 75.) 

$ primary coil of 750 


A secondary coi] of 


the shape 


Secondary coil beaten into 
of a trough, 


c— 


5. With the same circuit as described in the previous : 
paragraph join the terminals of the five-turn secondary 
coil to about 2 feet of thick iron wire. Switch on the 
primary coil. Notice how the wire gets warm quickly. 
In the same way low pressure hot-plates become hot 
and frozen water-pipes can be thawed by the passage 
of large currents of electricity. 

6. Use the same primary coil again but this time use 
the one-turn circular trough as the secondary coil in 
the transformer. A large current will flow through the 
one-turn secondary coil and much heat will be gener- 
ated. In the channel section of the trough put some 
Solder. Notice how quickly this melts. This is the 
principle of the electric induction furnace, which is used 
for making special steels. 


Problem C ; What is Electro-magnetic Induction ? 


Question 4. How is Electric Power Transmitted? 


We have examined in the last Question examples of 
the heating effects due to large currents produced by 
“step-down” transformers. We purposely designed 
these circuits to produce the heat. A 

On the other hand, if we wish to transmit a large 
amount of electric power over a considerable distance 
we do not want to waste any electricity in the form 
of heat in the conducting wires from the generating 
Station. Therefore we must design our transformers 
to deliver small currents. Let us look again at the 
power equation for a transformer. 


Power input to primary coil — 


Power output from secondary coil 


or 
mary coil 


Low press arge current in pri . 
" ples: t in secondary coil 


— High pressure x Small curren 
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FIGURE 76. 
High tension 
132,000 volt 
transmission 
a lines supported 
by long porce- 
lain insulators. 


VAZ 
ape v. 
Po 


p 
LY 


AA 
LZ 


Pa 
" 


A 


U > 
Y 


So, in order to have small currents in 
wires, called transmission lines, 
given power must be high, 
a “step-up” transformer, 


Another advantage in transmitting electric power at 
small current values is that only thin conductors are 
required. This saves the large cost of thick heavy 
wires and the construction of massive pylons to carry 
these wires. There is, however, a disadvantage: the 
high pressures used need long insulators to prevent a 
leakage of the electricity over their surfaces to earth. 
This can be overcome by the use of insulators in the 
form of inverted cups. Why is this Shape desirable ? 
ee transmission system of electricity. We 
have learn that less ener is lost i sanamitts g 
Mieddite over considerable distana Pha Quite 
The electricity ae ptnsormers to a high pressure. 
mission to a low " “hanged b ack again after trans- 

pressure so that it can be used with 

safety, Engineers refer to the terms high tension (H.T.) 

and low tension (L.T.) when Speaking of these pressures. 
70 


the conducting 
the pressure for a 
Consequently we must use 


x — 


FicvnE 77. Interior of a large modern power station. 


the three turbines on the right are couple 
Why are there three turbines driving each generator ? 


Large generators of electricity for the supply mains 
are not simple alternators. They are the same as three 
alternators in one machine, and they produce what is 
called three-phase alternating current. (See Figure 68.) 
Three wires and a “ neutral " wire are needed to carry 
this supply. Three-phase generators can be con- 
structed to produce more power. and three-phase 
motors can be more easily controlled, than the simple 
alternating current machines we have described earlier 
in this Unit. 

It becomes convenient when there are many sources 
of supply of electricity to connect all the power stations 
together in one common national system. In this 
way the generating plant available is pooled and the 
varying demands for electricity in different areas is 
supplied more economically. Those areas with a sur- 
plus of power are able to assist those where there is à 


shortage. 
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Courtesy Central Electricity Authority 


d directly to the A.C, 


Note that 
generator. 


Generating 
station 
(nuclear power) 


SUPERGRID 
275,000v. 


f 132,000v transmission 
E. line 


round 


Underg oan 
» M 
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6,600 v. 


tribution of electricity. 


Ficurn 78, Generation, transmission and dis 


This system consists of a complicated network of i 
H.T. transmission lines w 


: Áo e ] 
hich are fed, joined, and 
72 


v! : : 
cmm 5 fh Switching and 
5 4 transformer 


Substation Generatin station 33,000v. 
station (coal) a 


Overhead 
transmission iN 
lines,33,000 v 


Converter 
station 


Factory 
substation 
415v. & 2420 V. 


Pole transformer 
Substation 


NI 415v and 240v. 
i 240v] 


tapped through switching and transforming stations 


at convenient places. 
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These transforming stations “ step-up” or ** step- 
down" the pressure ; they are often called sub- 
stations. "There may be many generating stations all 
supplying electricity to the common system, some con- 
tributing more at one time than another according to 
their efficiency or availability. 

Look at Figure 78 which shows in a simplified way 
how the generation, transmission, and distribution of 
electricity take place in Britain. 

Two generating stations are shown, 
A.C. at 11,000 volts. The 
through sub-stations whic 
to 132,000 volts. 
called the Grid. 

A third generating station is sh 
Which the pressure is * stepped-up " to 275,000 volts 
to form a Supergrid. This Supergrid system is con- 
nected where necessary to boost the 132,000 volts Grid 
system through “ step-down ” transformer sub-stations, 


each producing 
y feed the common system 
h “step up” the pressure 
The common system or circuit is 


own in Figure 78, at 


Ficure 79. Calder Hall, Cumberland 
power station in the world. Th 


wer yi e turbine halls are between the reactor 
buildings and the cooling towe; 


s and t l rs are in the distance, The electrical 
sub-station is in the foreground. 


» the first large-scale nuclear 


Courtesy United Kingdom Atomic Energy Authority 


. Because the real network, as shown in Figure 80 
is complicated there must be central control Tooms, 
The control engineers are informed where the electricity 
comes from and where it goes to. Thus they can tell 
the engineers in the various power stations when to 
shut down and when to start up their generators. 


275,000 volts Supergrid 
(shown in white). The 
being overloaded between 
sumer areas. 


(sho IGURE 80. The network in Britain of the 
own in black) and the 132,000 volts Grid 


foe is built to prevent the Grid from 
arge generating stations and the main con 
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carry t] 
across t 


? 8l. High transmission towers 
1e lines of the 275,000 volts Supergrid 
he country. They are 136 fect high 


and weigh nearly 11 tons, 


Frew 
for 132 


RE 82. An air-blast circuit-breaker 
000 volts, 


Courtesy Central. Electricity Authority 


The transmission lines 
themselves are generally 
made of aluminium and 
strengthened by a core of 
steel-wire. Why are they 
not made entirely of steel 
or entirely of aluminium ? 
Why are silver and copper 
(which are good conduct- 
ors) not used for trans- 
mission lines? The lines 
are suspended from long 
porcelain or glass insula- 
tors carried high above the 
ground on steel 
(pylons). 

As the amount of power 
supplied by the generating 
Stations ig considerable, 
large currents flow through 
the overhead transmission 
lines and underground 
“ables. Large circuit-break- 
ers (or Switehgear) are 
therefore employed. 

In most high tension 
circuit-breakers the con- 
tacts are completely im- 
mersed in oil and the 
opening and closing is done 
by strong Springs. 
Springs 
powerful 


towers 


These 

are operated by 

solenoids con- 

trolled from a distance. 

The oil quenches the big 
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Figure 83. A three-phase 


spark which is created when 
the circuit is opened. Some 
circuit-breakers are made 
which use a sudden and 
strong air-blast to kill the 
spark, 

At various places on the 
132,000 volts Grid system 
there are sub-stations which 
" step-down ” the pressure 
from 132,000 volts to 66,000, 
33,000, 11,000, and 6,600 
volts, according to the re- 
quirements, for distribution 


FIGURE 84. A substation 
mounted on a pole for the supply 
OF a small community. 
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e 


step-down " 
sub-station, 


Sen 
Courtesy Ferranti, Ltd. 
transformer in à 


to the many smaller sub-stations situated in or near 
towns and villages. These smaller sub-stations “ step- 
-down ” the pressure still further to 415 volts. All 
these sub-stations handle the three-phase system. 
Eventually one phase is supplied to an individual house 
by two wires only. You will see in Figure 78 that a 
fourth wire or neutral conductor is used. Note how 
three buildings in a row are connected to obtain a 
240 volts single-phase supply from the 415 volts three- 
phase system, and how a small factory, suchas a bakery 
or saw mill, uses all three phases for its electrical 


machinery. The electric railway shown is supplied 
from a convertor station changing the 11,000 volts A.C. 
to 660 volts D.C. A factory is shown with its own 
sub-station converting the 11,000 volts supply to 415 


volts for driving heavy machinery and to 240 volts 
for lighting and heating. 


NOTES ON THE UNIT 


A freely-suspended magnet sets itself in a north and south 
direction. $ 


Substances which are attracted by a magnet are magnetic. 

Magnetic substances are iron, steel, nickel, cobalt and some 
alloys. j 

A magnet has two poles, never only one, 

Like poles repel; unlike poles attract each other, 

The certain fest of magnetization is repulsion. 

A magnet can be made (1) by stroking with another magnet, 


9 : ; À 
(2) by using an electric current in a 
solenoid, 


(3) by induction from another mag- 


: A d net, 
Magnetization can be destroyed (1) by heating 


E . (2) by beating. 
Steel is more difficult to magnetize than soft iron but retains 
its magnetization better. 
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Soft iron forms an easy path for magnetic lines of force. It 

is used for (1) electro-magnets, 
(2) screening objects from magnetic fields. 

Keepers help permanent magnets to retain their magnetization. 

Electricity flowing in a clockwise direction in a solenoid induces 
a South pole at the nearer end. 

A shunt in parallel with a galvanometer converts it into an 
ammeter to measure current. 

A bobbin in series with a galvanometer converts it into a volt- 
meler to measure pressure. 

Induced E.M.F. depends on the rate at which the magnetic 
lines of force are eut by a conductor. 

A.C. is generated in an alternator with slip rings. 

D.C. is generated in a dynamo with a split-ring commutator. 


Frequency of an A.C. is the number of cycles completed per 
second, 


The induced E.M.F. in an induction coil at “ break " is much 
greater than it is at ‘ make." 

A transformer consists of a primary coil and a secondary coil 
mounted on a closed iron core. 

A “ perfect” transformer which has no loss of heat when it is 
working gives : 


Pressure supplied to primary coil 

Pressure induced in secondary coil E: 
Number of turns in primary coil 
Number of turns in secondary coil 


Power input to primary coil — 
Power output from secondary coil 


?ressuri š á . 
Pressure x Current in primary coil — 4 
Pressure x Current in secondary coil, 


THREE USEFUL EQUATIONS : 


Pressure (volts) ] 


Current (amperes) = 
ns ) Resistance (ohms) 
Power (watts) = Current (amperes) X Pressure (volts) 


Energy (Units) = Power (kilowatts) x Time (hours) 
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REVIEW QUESTIONS 


1. How would you find out whether a piece of metal is mag- 
netic or non-magnetic ? If it is magnetic, how would you find 
out whether it is magnetized or not ? 

2. If you are given a magnet on which the poles are not 
marked, explain how to discover which the north pole is. 

3. What means would ycu use to determine which of two 
similar bar magnets is the more strongly magnetized ? 

4. You are given a long steel rod. How would you proceed 
to magnetize it so that it has north poles at both ends? Where 
would the south pole lie ? 

5. Why do iron filings sprinkled on a sheet of paper trace 
out definite lines when the sheet is tapped gently ? 

6. Sketch how you would wind insulated electric wire around 
(a) a long iron nail, (b) a U shape piece of iron, to form electro- 
magnets. Mark the direction of the electric current and the 
positions of the magnetic poles produced in the iron, 

7. How would you determine the direction of flow of an 
electric current in a wire, without cutting the wire of the 
circuit ? 

8. A long bar magnet hangs verticall 
thin strip of metal foil hangs loosely. 
passed through the foil. Draw 
of the foil and explain why this happens, 


9. How ean you convert a galvanometer into (a) an ammeter, 
(b) a voltmeter? Draw clear diagr 


‘ams to illustrate, 
10. Why is an ammeter connected in series in 


Why is a voltmeter placed in parallel with part of 
11. Why do two iron nails suspended side by 


solenoid fly apart when an electric current is passe, 
the solenoid ? 


12. Why does the iron 
hot after it h 
to cool it ? 


13. Explain all the transformations of ene 
place when electricity is made from coal. 
the operations in an electri 

14. Describe and sketch 
mitted from 
in a house, 


ly. By its side a long 
An electric current is 
a sketch to show the movement 


a circuit ? 
a circuit ? 
side in a 
d through 


armature of 


a a dynamo tend to get 
as been working for some 


time? What is done 


rgy that take 


$ Make a sketch of 
ic generating station, 


b the way that electricity is trans- 
a generator in a Power station to one 


In your sketch Show 


electrie lamp 
v clearly the y. 
80 


arious circuits. 


